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ABSTRACT

Eight calves were exposed in an
aerosol chamber to nebulized foot-
and-mouth disease virus. Two control
animals were exposed in a similar man-
ner to cell culture media only. Animals
were euthanized at intervals and
various tissues examined by in situ
hybridization using a biotinylated
RNA probe corresponding to a portion
of the viral gene coding for the poly-
merase enzyme. By this technique large
amounts of viral nucleic acid were
found in coronary band, interdigital
cleft and tongue as early as six hours
postexposure, indicating a very rapid
delivery from the portal of entry to the
predilection sites for lesion develop-
ment. This occurred well before the
onset of viremia which by virus isola-
tion was not detectable until 30 hours
postexposure. The in situ hybridization
signal in these tissues decreased in
intensity and extent with time to
focally positive areas, occasionally sur-
rounding a vesicle. Other epidermal
sites not normally thought of as sites
for foot-and-mouth lesion develop-
ment, such as carpus and eyelid, also
had some viral nucleic acid detectable
at various time intervals. In the lung
by in situ hybridization, alveolar septa
had viral nucleic acid early in infection
(6-18 h postexposure) while later
(36-96 h postexposure), the in situ
hybridization signal was prominent in
alveolar macrophages.

RESUME

Huit veaux ont ete exposes par nebu-
lisation au virus de la fievre aphteuse
dans une chambre a aerosol et deux
animaux temoins ont ete exposes au

milieu de culture cellulaire. Les ani-
maux ont ete euthanasies a differents
intervalles apres l'exposition et des pre-
levements de differents tissus ont ete
faits. Les echantilions receuillis ont ete
examines par la technique d'hybrida-
tion in situ a l'aide d'une sonde aARN
biotinylee correspondant au gene de
l'enzyme polymerase. Cette technique
a permis de deceler de grandes quanti-
tes d'acides nucleiques viraux au
niveau de la bande coronaire, de
l'espace interdigitee et de la langue des
six heures apres l'exposition, demon-
trant ainsi une dissemination rapide du
virus vers les tissus de predilection ou
se developpent les lesions. La detection
d'acides nucle'iques a precede l'appa-
rition de la viremie qui a ete decelee
30 heures apres l'exposition au virus.
L'intensite et l'amplitude du signal
d'hybridation in situ ont diminue avec
le temps, et se sont localisees dans cer-
tains foyers positifs entourant parfois
une vesicule. Des quantites detectables
d'acides nucleiques ont ete observees
a differents intervalles de temps dans
certains sites epidermiques normale-
ment supposes indemnes de lesions de
fievre aphteuse, tels que le carpe et les
paupieres. Au niveau du poumon, la
detection d'acides nucleiques tot apres
l'infection (6-18 heures) fut limitee au
tissu interalveolaire, tandis que plus
tard (36-96 heures) le signal positif fut
observe surtout au niveau des macro-
phages alveolaires.

INTRODUCTION

Foot-and-mouth disease (FMD) is a
highly contagious viral infection of
wild and domestic cloven-hoofed
animals. Classified as a member of the
Aphthovirus genus in the family Picor-

naviridae, FMD virus causes a tran-
sient yet drastic decrease in production
due to the formation of painful blisters
in epithelial sites, primarily mouth and
feet. Because of its extremely conta-
gious nature, FMD is exceedingly dif-
ficult to control and countries which
are free of the disease maintain rigid
quarantine and import restrictions to
prevent its introduction.
The pathogenesis of the disease has

been studied by numerous investigators
through the use of virus isolation and
fluorescent antibody techniques (1-5).
Recent technological advances, specif-
ically, the development of in situ
nucleic acid hybridization for detection
of microbial genomes within tissues,
have made it possible to trace the path
of organisms through the body with
greater sensitivity. A biotinylated RNA
probe was developed and used success-
fully for the detection of FMD virus
in cell culture (6) and subsequently for
the detection of FMD virus nucleic
acid in tissues of guinea pigs and pigs
infected intradermally with FMD virus
(7,8). After intradermal inoculation,
FMD nucleic acid was found widely
distributed in a variety of epidermal
sites, but lesions were largely restricted
to areas subjected to mechanical
trauma. In addition, both species of
animals had considerable amounts of
FMD viral nucleic acid in lung, pre-
dominantly in alveolar macrophages,
24 to 48 h after intradermal inocula-
tion. These findings had to be inter-
preted in light of the intradermal route
of inoculation, which is not considered
to be a natural means of infection for
FMD. Inhalation of viral particles is
thought to be the most usual method
of entry. The aim of the present study
was to use the highly sensitive tech-
nique of in situ hybridization (ISH) to
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observe the spread of the virus to
various tissues subsequent to an aerosol
exposure to FMD virus.

MATERIALS AND METHODS

ANIMALS

Ten six-to-nine month old Hereford
calves were housed in individual
animal rooms and given water and
pelleted feed ad libitum. Eight animals
were exposed to an aerosol of FMD
virus in an exposure chamber placed
about the heads. The chamber was a
one m3 frame made of copper tubing
and covered by heavy gauge plastic
sheeting, with a large opening at one
end which could be closed around an
animal's neck. A small opening on the
side accommodated an air supply hose
connected to a deVilbiss nebulizer
clamped onto the inside of the copper
frame, approximately 60 cm from the
animal's muzzle and at about the same
height. The plastic sheeting remained
secured around the animal's neck for
a total of 15 min. A compressor sup-
plied air at the rate of 15 psi through
the nebulizer so that 2 mL of virus
suspension (5.8 x 105 plaque forming
units ofFMDV Asia 1) were nebulized
over the first 10 min. The aerosol
chamber became foggy after about
4 min. Animals were monitored
clinically, with blood and oesophageal-
pharyngeal fluids collected once or
twice daily for virus isolation. Animals
1 through 8 were euthanized with
Fatal-Plus (Vor-tech Pharmaceuticals,
Dearborn, Michigan) at 6, 12, 18, 24,
36, 48, 72 and 96 h postexposure (hpe),
respectively. In addition, two control
animals (#9 and #10) were exposed in
a similar manner to sterile cell culture
media and euthanized at 12 and
24 hpe. Numerous tissues (tongue,
fore and hind interdigital clefts, fore
and hind coronary bands, flank,
shoulder, carpus, tail fold, eyelid,
lung, teat, heart, rumen, pancreas,
tonsil, spleen, hard palate, turbinates,
and mediastinal, retropharyngeal, and
tracheobronchial lymph nodes) were
collected in 4%o paraformaldehyde for
histopathological examination and in
OCT embedding medium (Miles Cor-
poration, Elkhart, Indiana) over liquid
nitrogen for in situ hybridization.
These latter tissues were stored at
- 70°C prior to sectioning.

HISTOPATHOLOGY

All tissues were examined by light
microscopy after embedding in paraf-
fin, sectioning at 4 Am and staining
with hematoxylin and eosin.

PREPARATION OF PROBE AND IN SITU
HYBRIDIZATION

The following tissues were examined
by in situ hybridization: tongue, fore
and hind interdigital cleft, fore and
hind coronary band, carpus, eyelid,
flank, shoulder, and lung. A biotiny-
lated RNA probe was produced as
described previously (6). Briefly, an
FMD cDNA fragment 500 nucleotides
in length and coding for part of the
polymerase enzyme was inserted into
the polylinker region of a PGEM-3Z(f)
plasmid vector (Promega Corporation,
Madison, Wisconsin) at the PstI site.
Plasmid was linearized with BamHI
endonuclease and negative sense RNA
transcripts were generated using SP6
RNA polymerase (Promega Corpora-
tion) in the presence of biotin-1 1-UTP
(Enzo Biochem, New York, New York).
Unincorporated biotin was removed by
passing the probe through Sephadex
G50 (Boehringer Mannheim Biochemi-
cals, Indianapolis, Indiana).

Frozen sections were cut and placed
on aminotriethoxysilane-treated slides,
fixed for 5 min in 4% paraformaldehyde
and stored in 700/o ethanol at 4°C until
used. Prior to hybridization, sections
were rehydrated, digested with pro-
teinase K (1 Ag/mL in 0.1 M Tris,
pH 8.0, 50mM ethylenediaminetetra-
acetate [EDTAJ) for 15 min at 37°C
and then postfixed in 40o paraformal-
dehyde for 5 min. Slides were then
washed in 0.70/o acetic anhydride in
0.1 M triethanolamine, pH 8.0. Sec-
tions were equilibrated in prehybridiza-
tion fluid (1 M NaCl, 0.02 mM EDTA,
50% formamide, 107o polyethylene
glycol) for a minimum of one hour at
60°C. To denature any double-stranded
forms, sections were heated to 100°C
for 10 min followed by brief chilling
just prior to hybridization. Eight tissue
sections per slide were covered with
70 yL of hybridization fluid contain-
ing 2 yg of biotinylated probe, 10 Ag
denatured salmon sperm DNA, 286 jig
yeast tRNA and 1.25 mg bovine serum
albumin. A siliconized coverslip,
sealed around the edges with nail
hardener, kept the fluid in place over-

night at 60°C. The following day,
coverslips were removed, and the slides
were washed in decreasing concentra-
tions of standard sodium citrate
(150 mM NaCl, 15 mM sodium citrate,
pH 7.0) with formamide at 63°C. To
detect the biotinylated probe, sections
were incubated in a 1:1000 concentra-
tion of streptavidin-alkaline phosphat-
ase (Bethesda Research Laboratories,
Bethesda, Maryland) for one hour at
37°C followed by addition of chromo-
genic substrate BCIP/NBT (Bethesda
Research Laboratories). Substrate
development was stopped by brief
immersion in Tris-EDTA buffer
(10 mM Tris-HCl and 0.1 mM EDTA,
pH 7.5). Slides were rinsed in increas-
ing concentrations of ethanol to
decrease unwanted background activ-
ity and then coverslipped.

VIRUS ISOLATION

Blood from the animals euthanized
at 48, 72 and 96 hpe was collected
every 12 h or less, frozen at - 70°C
and later assayed for virus. Blood was
diluted in minimal essential media with
1% antibiotics (penicillin 200 U/mL,
streptomycin 200 ,g/mL, gentamycin
30 ,/mL) in tenfold dilutions to an end
concentration of 10-4. From each
dilution, 0.1 mL was inoculated into
each of two 25 cm2 flasks containing
first passage secondary embryonic
lamb kidney cells. Cultures were
examined for cytopathic effects (cpe)
at 48 h after inoculation. The lowest
dilutions not demonstrating cpe were
blind passaged, and the results were
observed 72 h after inoculation.

Oesophageal-pharyngeal (O-P) fluids
were collected every 24 h with a modi-
fied probang cup, placed in 15 mL
Tris-buffered tryptose broth and
frozen at -70°C until assayed. For
virus isolation, 0.2 mL of high anti-
biotic solution (penicillin 20,000 U/mL,
streptomycin 20,000 Ag/mL, myco-
statin 1,000 ,ug/mL, polymyxin B
1,000 U/mL, gentamycin 3,000 ig/mL)
was added to 1.8 mL of this O-P fluid,
which was then homogenized and
clarified by centrifugation. A 0.5 mL
aliquot of the supernatant was inocu-
lated into each of two 25 cm2 cell cul-
ture flasks of secondary lamb kidney
cells. Cultures were examined for cpe
48 h after inoculation.
To confirm the presence of foot-

and-mouth disease virus in the aerosol
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TABLE I. The results of in situ hybridization of ten adult cattle exposed to an aerosol of foot-and-mouth disease virus

Time Mock-
interval Hours postexposure to FMD virus exposed
Animal# 6 12 18 24 36 48 72 96 12 24

Tissue #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
RH i-d clefta + + + + + + + + + + + 0 0
RF i-d cleftb + + + 0 0 0 0 + + + + 0 0
RH cor bandC + + + + + + + + + + + + 0 0
RF cor bandd + + + + + + + + + 0 0 + 0 0
Tongue + + + + + + + + + + + 0 0
Carpus + 0 0 0 0 + + + 0 0
Eyelid 0 + + + + 0 + + 0 0
Flank 0 0 0 0 0 0 0 0 0 0
Shoulder NT 0 0 0 0 0 0 0 0 0
Lung + + + + + + + + + + + + + ++ ++ 0 0

0 = Negative
± = Equivocal staining; only slight increase over background
+ = Positive weak staining

+ + = Positive staining
+ + + = Extensive positive staining
NT = Not tested

a Right hind interdigital cleft
bRight fore interdigital cleft
c Right hind coronary band
d Right fore coronary band

chamber, 20 mL of cell culture fluid
(Hank's balanced salt solution with
0.57o lactalbumin hydrolysate and
28 mM-HEPES) were placed in open
petri dishes in the chamber during the
nebulization. The fluid was stored at
- 700C. This material was inoculated
onto secondary lamb kidney cells
grown in 96-well plates, using 0.025 mL
of tenfold dilutions in minimal essen-
tial medium to an end concentration of
101-I in 96-well plates. The cultures
were incubated for 72 h at 370C with
50/o CO2.

RESULTS

CLINICAL AND PATHOLOGICAL
FINDINGS

Clinical illness was observed only in
animals #6 and #8, euthanized at 48
and 96 hpe, respectively. Animal #6
was febrile (41.50C) with increased
salivation just prior to being euthanized
at 48 hpe. In animal #8, there was a
febrile response (40.5 0C) and increased
salivation at 72 hpe.

Gross lesions were confined to
animals #6, #7 and #8. In animal #6,
there were extensive, intact vesicles
occupying large portions of both hind
interdigital clefts, and on the tongue
there was a 2 cm diameter ruptured
vesicle just anterior and lateral to the
torus. Animal #7 had a turgid 1 cm2
vesicle on the midline of the hard
palate epithelium and a similar-sized,
yet ruptured vesicle adjacent laterally.
Animal #8 had an extensive, ruptured

vesicle in the caudal half of the left
hind interdigital cleft and a similar, yet
intact, vesicle in the right hind inter-
digital cleft. The right fore interdigital
cleft had a deep vesicle which was visi-
ble only upon dissection. In addition,
there was a ruptured vesicle in the
epithelium overlying the hard palate.
At 12, 18, 24 and 36 hpe the only

histological alterations noted were a
few foci of intercellular edema in the
surface and crypt epithelium of the
tonsils beginning at 12 hpe. This was
accompanied by coagulation necrosis
of the involved epithelial cells from 18
through 96 hpe. Moderate exocytosis
of neutrophils in the epithelium and
lumens of tonsillar crypts and lympho-
cytic hyperplasia in the tonsils, adenoids
and lymph nodes were found in con-
trol and infected animals.

Distinct histological vesicles were
seen in other squamous epithelial
tissues collected at 48, 72 and 96 hpe.
These varied from small foci of
coagulation necrosis of keratinocytes,
with or without intercellular edema, to
ballooning degeneration and bulla for-
mation. For the most part microscopic
lesions were associated with sites of
grossly apparent vesicles. These sites
included the hard palate, and several
locations on the tongue and the fore
and hind interdigital clefts. Only
minute foci of spongiosis adjacent to
the stratum basale were found at sites
without grossly apparent lesions. These
included the coronary bands, carpi,
flanks, tail folds, eyelids and teats.
While they were not found in the con-

trol animals, the subtle and limited
nature of these lesions made inter-
pretation of their specificity uncertain.

Sections of lungs from the 12 h con-
trol animal and from all of the infected
animals had mild peribronchiolar
interstitial edema. In the 6, 18, 24, 72
and 96 hpe lung specimens from
infected animals the edema was
accompanied by meager lymphocyte,
plasmacyte and macrophage infiltra-
tion. A few neutrophils and eosinophils
were also present at 72 and 96 hpe.

IN SITU HYBRIDIZATION

Ten tissues from each of the ten
animals were examined by in situ
hybridization. Results are presented in
Table I.
The most extensive and intense

staining was present in the foot tissues
of animal #1 collected at 6 hpe- both
of the interdigital clefts and both of the
coronary bands from this animal had
strong cytoplasmic staining of cells of
the stratum spinosum. The extent of
the staining varied from segmental,
with large rafts of cells displaying posi-
tive signal, to diffuse (Fig. 1). As the
infection progressed, there was a
tendency for this signal to be less
intense and more localized, so that in
tissues collected from 24 h on, the
signal was often limited to weakly-
staining, isolated groups of approx-
imately 5-30 cells of the stratum spino-
sum. Vesicles were evident in the sec-
tion of right hind interdigital cleft of
calf #8 at 48 hpe and in the right fore
interdigital cleft at 96 hpe. There was
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Fig. 1. In situ hybridization on right hind interdigital cleft of animal exposed six hours previously
(#1) to an aerosol of foot-and-mouth disease virus. No counterstain. x 100.

weak staining of the cells surrounding
the vesicle in these sections.

Staining in the tongue epithelium
was definitive yet less dramatic than in
interdigital clefts or coronary bands.
Positive signals were present in the
tongue from all eight of the aerosol-
exposed animals. These began as focal
aggregates of 10-30 weakly staining
cells in the deep stratum spinosum in
6 hpe specimens and progressed to
slightly more diffuse, yet still multi-
focal areas of staining, often a little
higher in the stratum spinosum in spec-
imens collected from 12 to 72 hpe. At
96 hpe, signal was limited to weak,
multifocal staining of the upper stra-
tum spinosum.

Sections of carpus displayed only
sporadic staining through the series.
There was slight diffuse positivity in
the cells of the stratum spinosum of the
animal euthanized 6 hpe. Sections
from subsequent animals were negative
until 48 and 72 hpe, when there was
focal positive staining in the stratum
spinosum. A similar distribution at
96 hpe included weak staining around
a microscopic vesicle.

In the eyelid, there were small
groups of weakly staining cells in the
stratum spinosum and stratum granu-
losum at all sampling intervals except
6 and 48 hpe. Sections of flank and
shoulder were consistently negative
throughout the series.
The pattern of ISH in the lung was

as follows: at 6 hpe, there were multi-

ple foci of strong signal along alveolar
septa. The distribution of staining
could best be characterized as "patchy".
It was not possible to distinguish if the
signal was in alveolar epithelial cells,
endothelium, or intravascular macro-
phages. The pattern of staining at 12
and 18 hpe was similar to what was
seen at 6 hpe yet increased in intensity.
At 36, 48 and 72 hpe there was con-
tinued localized staining of alveolar
septa, and staining of alveolar macro-
phages became apparent. At 96 hpe
there was still some staining of septal
cells, but alveolar macrophages were
prominent in their positivity (Fig. 2).

VIRUS ISOLATION

Blood from animals #6, #7 and #8
was tested for virus isolation. Viremias
were detected only in #6 and #8. Foot-
and-mouth disease virus was not
isolated from either of these animals
at 6 and 24 hpe. At 30 h and 48 h,
#6 had FMDV titers of 102 and
103 5TCID50/mL, respectively. Ani-
mal #8 was negative at 30 h but had
titers of 101, 1013, 1i0'5, 102.5 and
<1005TCID50/mL at 48, 54, 72, 78
and 96 hpe, respectively. Blood from
animal #7 was consistently negative.
Oesophageal-pharyngeal fluids

taken daily from animals #6, #7 and #8
were assayed. All were negative prior
to exposure and positive for the pres-
ence of FMD virus at 24, 48, 72 and
96 hpe.

Fig. 2. In situ hybridization on lung of animal
exposed 96 hours previously (#8) to an aerosol
of foot-and-mouth disease virus. No counter-
stain. x 100.

Foot-and-mouth disease virus was
cultured from media from the petri
dishes placed in all aerosol chambers
to confirm the infectivity of the aero-
sols. Chamber fluids from the two
mock exposures using only cell culture
media were negative for FMD virus.

DISCUSSION

Other investigators (1,4) have used
the techniques of virus isolation or
fluorescent antibody to detect the pres-
ence of FMD virus in skin sections at
daily intervals subsequent to infection.
In these studies, by fluorescent anti-
body, the viral antigen was detected in
lip sections as early as 1 dpi (4). By
virus isolation, an examination of
numerous skin samples taken from
areas not normally associated with
lesion development in FMD infection,
these skin samples were positive for
virus 2 to 5 dpi (1). A major advan-
tage in our study was the ability to
apply the very sensitive technique of
viral nucleic acid detection to tissues
harvested from animals euthanized at
early and frequent intervals following
experimental aerosol exposure. A pro-
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minent finding in this study was the
presence of large amounts of viral
nucleic acid detected by in situ hybrid-
ization in multiple epidermal sites only
6 h after aerosol exposure to FMD
virus. At this time, all of the inter-
digital clefts and coronary bands
examined had strong, clear signals con-
sisting of granular cytoplasmic stain-
ing in focally extensive to diffuse areas
of the stratum spinosum. These find-
ings indicated that within six hours of
aerosol exposure, FMD virus was repli-
cating at sites of predilection for devel-
opment of lesions. These ISH signals
were present well before the onset of
viremia detectable by virus isolation
30 hpe. The ISH signals decreased in
intensity and extent with time. In the
coronary bands, which did not develop
distinctive lesions, either grossly or
histologically, staining decreased to
focally positive groups of cells in the
upper stratum spinosum. In the right
hind interdigital cleft, the strong, clear
signal present at 6 hpe decreased with
time to weaker focal areas of staining,
occasionally surrounding a vesicle.

Similarly, ISH signal was present in
groups of stratum spinosum cells in the
sample of tongue taken only six hours
after aerosol exposure. This signal was
detected at all time intervals in the
aerosol-exposed animals and tended to
be present as multifocal groups of cells
with cytoplasmic signal. Intensity
varied from animal to animal with
strongest positivity at 48 hpe. There
was some tendency for staining to
progress from basal to more apical
portions of the stratum spinosum with
time.

It is interesting to speculate on how
the virus was able to gain access to cer-
tain predilection sites within such a few
hours after inhalation. In previous
studies using guinea pigs and swine,
the pattern of staining with ISH for
FMD has been predominantly "seg-
mentally diffuse", with groups of
10-100 contiguous cells of the stratum
spinosum displaying positivity, whereas
adjacent seemingly similar areas would
be devoid of signal (7,8). There was a
pronounced tendency for this "seg-
mentally diffuse" pattern to be present
in the aerosol-exposed cattle as well. In
particular, tongue and coronary bands
were striking in this regard. It has been
suggested that precursors of Langerhans
cells might be functioning in viral

transport from the blood to the pre-
dilection sites. In experiments using
infected guinea pig foot pads, it was
found by fluorescent antibody tech-
nique that FMD virus was initially
present only in Langerhans cells in the
skin and later was present in both
Langerhans cells and epidermal cells
(9). The "segmentally diffuse" pattern
could be explained as a group of epi-
dermal cells all in contact with and
subsequently infected by one infected
Langerhans cell.
Some epidermal sites not normally

thought of as predilection sites for
lesion development in FMD were
examined. In the flank and shoulder,
no signal was detected. In the carpus,
there was focal weak positivity at
6 hpe, 48 hpe and 72 hpe. In the
96 hpe specimen of carpus, there was
weak positive staining around a vesi-
cle. In the eyelid, there were weak
signals consisting of small groups of
cells in the stratum spinosum and
stratum granulosum at all time inter-
vals except 6 and 48 hpe. In a previ-
ous study various epidermal sites,
including carpus, were positive by virus
isolation one to five days after intra-
dermolingual or intramuscular inocu-
lation (1). This same study described
more widespread histological lesions
than were found in the present study.
The differences might be explained by
the different routes of inoculation and
the resulting earlier and higher titer
viremias which developed in the pre-
vious study. However, strain variations
and variability among the limited num-
ber of animals sampled in the present
study may have also played a role.
The presence of viral nucleic acid in

the lung following aerosol exposure
was determined by ISH. In previous
work Burrows et al (5) infected animals
by instilling FMD virus in the lung via
tracheotomy, and isolated higher titers
of virus from pharyngeal tissue than
from lung. They concluded that the
lung may not be a primary site of
initial viral growth. Using a trache-
ostomy to separate upper from lower
respiratory tracts, Sutmoller and
McVicar (3) instilled virus directly into
lung and subsequently were able to
isolate virus from the pharyngeal area.
From this, they concluded that FMD
virus enters through the lung and that
the pharynx is seeded hematogenously.
In this study using ISH, staining was

multifocal involving cells in the
alveolar septa early in infection (i.e.
6-18 hpe), while it was more likely to
be found in alveolar macrophages later
in infection (i.e. 36-96 hpe). From this
pattern, it would appear that the virus
initially localized in septal cells and
later, coinciding with the onset of
detectable viremia, became prominent
in alveolar macrophages.

In summary, this study has under-
scored the very rapid nature of FMD
infection, with establishment of signif-
icant amounts of viral nucleic acid at
predilection sites for lesion formation
within 6 h of inhalation of virus. Other
epidermal sites not usually thought of
as foci for lesion development may
also be seeded by virus very early in
infection, well before the onset of
detectable viremia. With respect to the
lung, there is abundant viral nucleic
acid, primarily in the septa, early in
infection. This viral nucleic acid is
predominantly localized to alveolar
macrophages later in infection.
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